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Exact localization of tyrosinase activity in
melanocytes has long been one of the major
problems in pigment cell biology. The several
theories of the origin of melanin granules and
the intracellular localization of tyrosinase have
recently been discussed (1). Some biochemists
(2, 3) believe that the melanin-synthesizing
granule is a modified mitochondrion. Mor-
phologists, on the other hand, believe that
melanin granules derive from the Golgi zone
(4, 5, 6) or from intracisternal dilations of the
endoplasmie reticulum (7). Seiji et at. (6) have
introduced the concept of melanosome which
they characterize as the site of melanin syn-
thesis by using ultracentrifugal, density-gradi-
ent methods followed by both biochemical
technics and electron microscopy.
In the present experiment, we have attempted
to demonstrate the ultrastructural localization
of tyrosinase activity in neoplastic melanocyte
using eleetronmicroscopic radioautography.
MATERIALS AND METHODS
A Swiss mouse hearing an actively growing
Harding-Passey melanoma transplanted subcuta-
neously on the upper back and weighing 20 gm
received by intraperitoneal injection 1.0 ml of
physiological saline containing 70 cc of DL-3 ,4-
dihydroxyphenylalanine-2-C'4 (DOPA-2-C'4) (New
England Nuclear Corp.) with a specific activity
of 2.62 me/mM. The tumor was removed 24 hours
after the injection and cut into small pieces. These
were fixed in Palade's osmium fixative at 0°C for
1 hour and embedded in Epon epoxy resin by the
method of Luft (5). For light-microscopic radio-
autography, tissues were fixed in Carnoy's solution
and embedded in paraffin. Both light-microscopic
and electronmicroscopic radioautographs were
prepared by our modified procedure (9) of Caro's
method (10). The latter were examined and micro-
photographed in an RCA EMU-3F electron mi-
croscope.
RESULTS
In the light-microscopic radioautographs,
most of the silver grains were located in the
cytoplasm of melanoma cells (Fig. 1). It was
noted that more grains were seen over melano-
cytes containing fine visible pigment granules
than over those devoid of visible granules.
Macrophages had very few grains over their
phagocytized pigment inclusions.
In the electronmieroscopic radioantographs,
though this method generally has a very low
sensitivity, reacted silver grains were most often
found over melanosomes. After confirming that
silver grains were almost evenly distributed on
emulsion-coated grids which were purposely
exposed to the dim artificial light and then
developed, grain counting was made from
electron micrographs in order to estimate very
roughly the number of grains associated with
each subeellular organelle. Out of a total of
122 grains counted, 47 grains (38.5%) were
found to be associated with melanosomes
which apparently had just started to accumu-
late electron-opaque material interpreted as
melanin on their fine structure (Figs. 2, 3).
Thirty-seven grains (30%) were seen over
melanosomes which were already in advanced
stages of melanization (Fig. 4). Only 6 grains
were found over phagocytized pigment granules
in macrophages (Fig. 5). The rest of the grains
were located over nuclei (S grains), mitochon-
dna (4 grains), Golgi vesicles (4 grains), cndo-
plasmic reticulum (7 grains), basic cytoplasm
(S grains) and cell membrane (1 grain), but
the significance of these localizations could not
be established without a more sensitive method
and different timing of biopsies. Some of these
grains could possibly be attributable to the
unavoidably present background.
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DISCUSSION
In our observations, the mclanosomc appeared
to be the site of mclanogcncsis catalyzed by
tyrosinase in neoplastic cells of Harding-
Passcy melanoma. Twenty-four hours after the
intraperitoneal injection of DOPA-2-C14, an
Fio. 1. Microphotograph of a radioautograph of Harding-Passey melanoma 24 hours
after injection of DOPA-2-C14. Dark photographic grains are mostly located on the cyto-
plasm of melanoma cells which are slightly out of focus. Hematoxylin-eosin stain. X 1500.
Fic. 2. Electron micrograph of a radioautograph from the same material. In this por-
tion of two melanoma cells, a dense irregular silver grain appears above a structure (arrow)
interpreted as the cross-section of a melanosome at an early stage of melanization. Stained
with uranyl acetate. X 26,500. m, mitoehondria; n, nucleus; er, endoplasmic reticulum.
Fio. 3. Same material as in Fig. 2. One (or two?) silver grain consisting of small particles
is located on the longitudinal section of a melanosome (arrow) with fibrillar structure
showing a distinct periodicity but without visible accumulation of melanin. Several granules
at various stages of melanization are also illustrated. Stained with uranyl acetate. >< 30,000.
Fio. 4. Same material as in Fig. 2, showing a dense coiled grain associated with a melano-
some (arrow) at an advanced stage of melanization. Stained with uranyl acetate. X 30,000.
Em. 5. Portion of melanin-laden macrophage in Harding-Passey melanoma, containing
several pbagocytized inclusions. A silver grain (arrow) is seen on a heavily melanized
granule embedded in the large inclusion. Stained with uranyl acetate. X 22,500.
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SUMMARY
A recent technic of the electronmicroscopic
radioautography of Rarding-Passey melanoma
cells revealed that an appreciable amount of
DOPA-2-C'4 was incorporated into melanosomes
at early and advanced stages of melanization.
This observation appeared to indicate that the
melanosome is one of the sites of melanin syn-
thesis as well as of tyrosinase activity.
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appreciable amount of radioactivity was al-
ready located in the melanosomes. The fact that
much fewer grains were over the other cellular
organdIes appeared to indicate that DOPA-2-
C14 was mostly taken up by melanin-synthe-
sizing melnnosomes and was not significantly
utilized by the other structures. Greenberg and
Kopac (11) have shown by light-microscopic
radioautography the incorporation of injected
DOPA-2-C'4 into neoplastic melnnocytes of
melanomatous fishes. They mentioned that
DOPA-2-C'4 has more specificity for pigment
metabolism than tyrosine-2-C". We have
made both light- and electronmicroscopie
radioautograpbs of Harding-Pnssey melanoma
cells with tyrosine-2-C14 injected intrnperitone-
ally, bot reacted silver grains were almost
randomly distributed over cellular organelles
not only in melanoma cells but also in connec-
tive tissue cells possibly because the labelled
tyrosine has widespread metabolic pathways in
general protein synthesis.
The technic for the eleetronmicroscopie radio-
autography is still at an embryonal stage. Al-
though Caro has established a reliable standard
technic (10), there are many problems which
make the sensitivity and reproducibility very
low. A larger dose of DOPA-2-C'4 could have
been used in order to increase tbc sensitivity,
but it was avoided since the consideration was
given to a possibility that inner irradiation from
an excessive amount of radioactive material
may change some substructures as well as
melanogenic function of melanoma cells. Besides
the low dosage used, high energy of beta-
particles emitted from C14 in DOPA was also
responsible for low sensitivity of the electron-
microscopic radioautography. A theoretical
explanation for this was given in our separate
paper (9). In order to compensate the low
sensitivity, we have attempted grain counting
on the basis of fairly even distribution of silver
halide particles after coating. However, a more
sensitive and improved technic for this method
seems to be needed to find out whether or not
cellular organclles otbcr than mclanosomes arc
also involved in the process of melanogencsis.
